The success of a mass roll out of electric vehicles (EVs) is largely underpinned by establishment of suitable charging infrastructure. This paper presents a geospatial analysis exploring the potentials for deployment of publicly accessible charging opportunities based on two traits -one, trip characteristics (journey purpose and destinations); two, availability of adequate charging (space and time). The study combined census statistics indicating lifestyle trends, family size, age group and affordability for an administrative region in the North-East England to identify three categories of potential EV users -'New Urban Colonists', 'City Adventurers' and 'Corporate Chieftains'. Analyses results indicate that Corporate Chieftains, primarily residing in peri-urban locations, with multi-car ownership and availability of onsite overnight charging facilities form the strongest group of early adopters, irrespective of public charging provision. On the other hand, New Urban Colonists and City Adventurers, primarily residing in the inner-city regions, show potentials of forming a relatively bigger cohort of early EV adopters but their uptake is found to be dependent largely on public charging facilities. For effective EV diffusion, catering mainly to the demands of the latter group, development of a purpose-built public charging infrastructure -both for provision of on-street overnight charging facilities in residential locations and for fast charging at parking hubs (park and ride, amenities and commercial centres) is recommended for prioritisation in order to overcome the limitations of non-availability of private off-street parking to these users.
Introduction

3
Currently the debate on the best set up for the provision of public charging point (PCP) infrastructure
28
is wide open, given that the technology and the implementation plan are still in their infancy. A recent 29 system dynamics model of the UK take-up of EVs has provided modest market share forecasts,
30
expected to evolve over the next 40 years [8] . However, it is envisaged the uptake of EVs will largely 31 depend on two crucial factors -a. oil price fluctuation; and b. consumer acceptance. In the UK, a
32
London-wide EV charging network is being set up as part of the 'Source London' initiative, with an 33 aspiration for establishing London as the EV capital of Europe (with a target of installing 25,000 34 charging points by 2015, including 500 on-street charging points and 2,000 charging points in off-35 street public car parks and Tube/ Over ground rail station car parks) [9] . Based on the UK government 36 projection, there will be acceleration in the uptake of plug in vehicles nationwide from 2015-2020 37 [10] , henceforth increasing the demand for a more spatially optimised charging point infrastructure 38 over this period. By 2015 the government expects to see a steady rate of growth, with most users 39 commuting short distances from suburban locations. The market will then have the opportunity to 40 expand as the acceptance of the new technology grows and its range anxiety issues decline. In the 41 short term at least, the majority of recharging in the UK is expected to occur at home, with further 42 recharging opportunities provided in public charging bays, piloted through government schemes such 43 as 'Plugged in Places' or at work if the employers join these schemes [10] .
45
Limiting the scope for developing an implementation strategy for PCPs is the fact that till date there is 46 little information on profiling of early EV adopters. A recent survey in the US has identified potential socio-technical barriers to consumer adoption of EVs, particularly highlighting the perceptions and locating suitable sites/ zones for installing purpose-built PCPs within the existing built-infrastructure.
66
The scope of this assessment is essentially urban, however, it considers both residential premises and 67 commercial centres spanning across the inner-city and out-of-town locations in the case study region. 
74
Study description
75
The case study is based in the Tyne and Wear county of the North-East England, comprising of five 76 local authorities (South Tyneside, North Tyneside, Newcastle, Gateshead and Sunderland) with a total 77 population of over 1 million [12] . It has been considered appropriate on its merits of being a suitable 78 test bed for evaluation of the regional spread of early adopters of EVs, relying on both private and 79 public charging points. Pertinent to this, the region is currently witnessing a huge push from the UK 80 government funded 'Plugged in Places' scheme on promotion of low-emission vehicles [3, 10] . In 5 and publically available charging locations, the proportion of travel to work by car in the Tyne and percent reported for the UK [13] 94 Table 1 lists the key variables applied to this analysis, the rationale for including them is based on the 96 literature reference along with their information source. As can be noted, the majority of spatial 97 information on socio-demographics, accessible as digitised map layers with boundary information in 98 GIS format, was obtained from the UK Census Dissemination Unit (Casweb) [13] . However, the trip 99 origin-destination data could not be collated within the Casweb system and was alternatively accessed 100 from the Centre for Interaction Data Estimation and Research (CIDER) [18] , mainly covering 101 information on traffic flows pertaining to commuting patterns. The latter dataset enabled generation of 102 intra-regional origin-destination statistics used in the spatial analysis (section 2.3.1). The following four constraints were applied to identify the potential for setting up PCPs which duly accounted for 104 the emerging trends in potentials for early adopters charging privately at home. Adequate assumptions
105
were made while interpreting census information from a particular selection of data sets, as described 106 below where applicable. This was deemed essential due to the limitation of available information in projecting the EV uptake potential directly.
6
In the UK, less than 40 percent of urban households have off-street parking availability though around 112 70 percent of suburban residential households have off-street parking availability [19] . For households 113 that do not have off-street (garage) parking, and those who park on the street or in public garages,
114
PCPs are going to be key to early uptake [14, 20] . We assumed that only detached and semi-detached 115 households have off-street parking while remaining residents park their vehicles on-street. This has 116 been adopted across the Tyne and Wear region in order to estimate the demand for PCPs.
118
EV User Demographics
119
The UK Office of National Statistics has generated 14 categories of occupations, ranging from 120 employers in large organisations to those who have never worked and long-term unemployed [13] . A 121 recent study derived the representative socio-economic status of early adopters for a UK city
122
(assuming direct association with higher income levels) by combining two occupation groups -
123
'Higher professionals' and 'Lower managerial and professionals' [4] . Extending this approach further,
124
the potential EV adopters in our study were assumed to be representing the top 3 rankings of these 
130
Recent industry surveys for the EU and the US suggest that early adopters of BEVs will generally be 131 male, between 18 and 34 years of age [14] . Further, young professionals are viewed as being strongly 132 attached to technology and the media, and are known to have early adoption traits [4] . Although 133 recent studies have highlighted the extension of this age-group to include both early-and middle-aged 7 considered as more affluent (and owning semi-detached or detached houses with off-street parking)
136
and thus having lower demand for PCPs. In the data selection process of census area statistics 137 provided by Casweb, data sets categorised by age groups can be matched to economic demographics.
138
However, the age groups concerned are particularly large (e.g. 20-24, 25-34, 35-54 
164
The spatial location of these cohorts within the study region was established through selection of 165 appropriate household composition with National Statistic Socio-economic Classifications (NS-SeC)
166
[12]. It was anticipated that some of the traits between the three cohorts would be overlapping. To 167 account for this anomaly, census data with high ranking NS-SeC classifications and the age groups of Chieftains was collected by gathering separate information from ward totals of detached housing and 170 the assumption that managers belonged to the classification for the highest NS-SeC category ranking.
income by assuming occupation group 'professionals and managers' to be representing those expected 173 to have a higher income than other occupation groups. In previous studies education has been 174 considered as an important factor in determining AFV uptake potentials [16, 22] . However, the Birmingham study reported some wards with high student population, having higher education levels 176 but not affluent home-owners, yet possessing multiple cars in the household [4] . Such contradictory 177 results demonstrate the need for extra caution in applying specific demographic characteristics to a 178 given area while assessing the EV adoption trends, in particular for determining locations of PCPs. 
195
This allowed for deriving relationships in the data that could not have been readily apparent in 
224
Corporate Chieftains in the case study region. These were considered as early uptake 'hotspots'; the 225 former two groups suggested to be relying heavily on deployment of PCPs [21] while the latter group would allow EV users to recharge their batteries at varying rates, depending on trip purpose and 242 parking duration. The layers of spatial information were overlaid to assess the favourable hotspots for out the zones with majority of charging occurring privately on off-street premises; eliminating the cohort with least dependence on public charging consumer share. For this purpose, multi-criteria 246 evaluation parameters were established for both public and private charging categories through 247 combination of data layers generated in Sections 2.3.1 and 2.3.2 ( Table 2 ). An integrated analysis was 248 performed using the weighted-overlay technique in ArcGIS Spatial Analyst toolbox [24] . It is 
273
The largest frequency came from smaller total commuting destination totals which were normally 274 under 2000 car commuters. These wards symbolise residential areas, to which fewer people commute.
At the far end of the scale four wards having very large car commuting totals were noted, representing 276 central workplace areas to which a large majority of the region's working population commute to. 
294
Birmingham study [4] which also reported higher use of public transport while travelling to work in 295 the inner-city wards. However, we note that this area is also attractor to car trips with a number of 
303
Analysis of the socio-demographic GIS layers, generated from census data, enabled locating our three 304 earmarked cohorts of residents in the region spatially. This analysis was conducted in several stages.
305
The first step involved locating the specific areas of the Tyne and Wear region where New Urban
306
Colonists were most concentrated. This exercise was faced with some limitation in the beginning as Having established the spread of potential early EV users into the three earmarked cohorts in the 355 study region on the basis of the adopted methodological framework, the next step of the analysis 356 involved ascertaining the share of those users who would be directly benefitted from setting up of
357
PCPs. An elimination approach was applied, first establishing the spatial distributions of users with 358 private charging facility on their premises, followed by a detailed analysis of potential locations for
359
PCPs through weighted-overlay spatial statistics, using a combination of criteria listed in Table 2 360 (section 2.3.3).
362
The private charging hotspots ( Figure 6 ) seem to map quite closely onto the spatial distribution of off-street parking. In these locations it would be crucial to provide access to on-street PCPs.
390
Otherwise, although it has been concluded that early uptake of EVs in such areas is likely, the lack of 391 overnight charging could become a significant deterrent for mass uptake. For effective 392 implementation, ideally each residential street with high uptake potential would have to be installed 393 with PCPs. This would serve two purposes -one, generate EV awareness and best practice; two, 394 provide a dedicated parking space for EVs which would be highly beneficial for end users 395 overcoming the insecurity issues in finding parking space in such areas [20] . It is envisaged, both 396 these initiatives in turn would potentially induce further EV uptake.
398
Implementation plans for developing dedicated PCPs, especially for on-street charging, are already 399 well underway for inner London as part of 'on-street parking location plan' [20] . These designs have 400 prioritised both good visibility and good access to the parking bay for promoting early uptake. Such
401
PCPs are located at either end of terracing, primarily because the end bay offers good visibility and 402 easy access for users. In addition, high footfall from any adjoining main road is also potential for 
418
Typically, following the London guidelines on 'public car park location plan' [20] , up to two PCPs 419 are recommended as best practice for installation in public car parks (usually recommended to be 420 close to entrances or exits). This is in agreement with earlier studies recommending installations of been suggested that cities should only design EV strategies suiting their individual circumstances, 423 mainly socio-demographics and parking availability [7] .
425
Combining this initiative with adequate provision of local renewable energy supply in peri-urban 426 regions (e.g. wind, biomass, tidal) would facilitate building of a 'balanced system' for charging EVs,
427
supported by local energy from renewable sources. Some sites in the region can be classed as high 428 value commercial locations for installing PCPs, which apart from serving the requirements of the two 429 earmarked cohorts relying on public charging, would also generate further awareness and appeal for serve as major commercial hubs in the region, thus strengthening the awareness for potential early 432 adopters by appropriate selection of installation sites within these car parks.
and for promoting a sustainable EV market. In terms of public infrastructure development, especially 
442
This study adopted a spatial analysis framework, utilising a combination of socio-demographic traits promoting EV charging in parking bays or at park and ride facilities. We consider the outcomes from 459 this study equally extendable to other cities and metropolitan areas around the UK with comparable 460 socio-demographics and travel patterns (primarily commuting using personal transport). It is also felt 461 that apart from serving the first generation of EV users the extensive development of PCPs will also 462 reduce range anxiety for those considering purchasing into the market. However, this study mainly 463 demonstrated an integrated approach for linking the socio-demographics with forecasting of the 464 hotspots of EV uptake using geo-spatial analysis. In the next step, the outcome for our study warrants Tables   Table 1. Variables used in the multi-dimensional analysis. Table 2 . Criteria used in weighted overlay statistics for spatial assessment of a public charging infrastructure. Figures   Figure 1 . Datasets used in coupled analysis of socio-demographic and travel patterns comprising of car ownerships, detached houses, park and ride locations (large circles) and regional centres (stars) (industrial facilities, large retails, business parks and prominent transport hubs including the regional airport) (map source: UK Ordnance Survey, Crown copyright). 
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